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Alerting Abstract JP A 

An active oxygen species remover comprises a lignan compound of formula (I) as an 
active ingredient. R1-R4 = H or 1-3C alkyl; R5.R6 = OH or sugar chain residue in which 
1-3 sugars selected from glucose, galactose and fructose are linked by glycoside 
bonds: or R5+R6 - O. 

USE - (I) are used as active ingredients of fading prevention agents (claimed). 
ADVANTAGE - The active oxygen species remover effectively and simultaneously 
removes superoxide and the hydroxy radical. The fading prevention agent has a potent 
effect with no taste and smell so that it does not affect the taste of foods to which 
the agent is added. 
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Japanese Patent Laid-Open No. 9-208461 
[0007] 

Recently, attention has been drawn to the physiological 
actions of a lignan compound, having two phenol groups, which is 
a characteristic substance of flaxseeds. The lignan compound 
used herein is generally defined as a low molecular weight 
compound of the oxidative condensation substances of p- 
hydroxybenzene propane units. Flaxseeds are rich in llgnans 
including Secoisolaricireslnol diglycoside (hereinafter, 
sometimes simply referred to as n SDG n ), which is composed of 
Secoisolaricireslnol (2,3 -bis ( 3 -methoxy- 4 -hydroxybenzyl ) butane - 
1,4-diol (hereinafter sometimes simply referred to as w SIL tt ) 
serving as an aglycone and sugars such as glucose bonded to 
Secoisolaricireslnol , and Secoisolaricireslnol mono -glycoside 
(hereinafter sometimes simply referred to as "SMG W ), which is 
composed of Secoisolaricireslnol and a single sugar bonded to 
the Secoisolaricireslnol. When the chemical structures of SDG 
and SMG are converted by the actions of bacteria such as enteric 
bacteria present in living animals such as mammalians, which eat 
flaxseeds or defatted cake thereof, they turn into 
physiologically active Enterodiol and Enterolactone. It has been 
elucidated that these substances have strong anticancer 
activities against breast cancer and colon cancer and flaxseeds 
contain SDG and SMG in extremely large amounts compared to other 
edible plants. It has been thus reported that flaxseeds are 
effectively used as a precursor of a physiologically active 
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lignan (for example , "Flaxseed in Human Nutrition" , written by S. 
C- Cunnane and L. U. Thompson, p. 219-236, AOAC press, 1995). 
[0008] 

As is described above, SDG and SMG contained in large 
amounts in flaxseeds have been studied up to present mainly on 
usefulness as precursors of Enterodiol and Enterolactone. 
However, little has been known about physiological activities 
(except the aforementioned ones) of SDG, SMG, a sugar chain 
hydrolysates thereof , SIL, or a dehydrated product thereof: 3,4- 
bis ( 3-methoxy-4-hydroxybenzyl ) tetrahydrof uran (hereinafter 
sometimes simply referred to as "MHBT" ) and their applications, 
up to present. 
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[0019] 

In the formulas, Glc represents a glucose residue, Gal 
represents a galactose residue. 

Llgnan compounds SDG and SMG, the sugar-chain hydrolysate 
SIL or the dehydrated product MHBT to be used in the present 
invention can be chemically synthesized. However, they can be 
easily prepared by the following extraction method using, for 
example, flaxseeds as a raw material. To describe the method 
more specifically, flaxseeds are first crushed into pieces by a 
crusher such as a mixer, blender, or hornogenizer. Any flaxseeds 
may be used as a raw material herein, regardless of a production 
district such as Japan or Canada, merchandise category such as 
breeding or oil extraction, and roasted product or not. 
Alternatively, compressed product and oil cake of flaxseeds 
produced during an oil extraction process may be used as the raw 
material. Oil may be completely removed from the crushed pieces 
obtained by extracting with a lipid- soluble organic solvent such 
as n-hexane to obtain a defatted product. Next, lower alcohol or 
a water-containing lower alcohol capable of extracting SDG and 
SMG is added to the crushed pieces or defatted cake thereof in a 
1 to 10 fold volume (v/wt; v: volume, wt: weight, hereinafter 
the same definitions will be used) of them. The crushing and 
extraction operations are repeatedly performed as needed and 
solid matter is removed by the customary methods including 
decantation, centrif ugatlon and filtration, and thereafter, 
moisture and alcohol contents are removed with heating or 
without heating under normal pressure or reduced pressure to 
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obtain an alcohol extract . The alcohol extract is a mixture 
containing SDG and SMG according to the present invention. 
[0020] 

As the lower alcohol or water- containing lower alcohol used 
herein, an alcohol solution having an alcohol concentration of 
30 to 100% (v/v), preferably 40 to 100% (v/v) , more preferably, 
40 to 90% (v/v) , and most preferably 50 to 80% (v/v) may be 
suitably used, which is prepared by adding water to linear or 
branched lower alcohol having 1 to 4 carbon atoms such as 
methanol, ethanol, n-propanol, isopropanol or n-butanol, as 
needed. When the alcohol content is less than 30% (v/v), a 
viscous substance intrinsic to flaxseeds may elute out, 
rendering the following operation difficult. 
[0021] 

Note that, to remove lipid soluble impurities except a 
llgnan compound according to the present invention from the 
alcohol extract, an extraction process with a solvent may be 
performed as follows. To describe it more specifically, 
extraction is performed by adding a 2 to 10 fold volume (v/wt) 
of a water- insoluble organic solvent such as chloroform or n- 
hexane and water to the alcohol extract. The mixture is 
separated into two phases by centrifugation or in other ways. 
The organic solvent phase is removed and the aqueous phase is 
concentrated and dried to obtain solid matter. At this time, 
desired lignan compounds such as SDG and SMG are concentrated in 
the aqueous phase. The aqueous phase can be concentrated and 
dried under reduced pressure to obtain an extraction fraction 
(crude lignan glycoside concentrate) rich in SDG and SMG 
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according to the present invention. The crude lignan glycoside 
concentrate is a mixture of components represented by the 
aforementioned structural formula (I) and main components 
thereof are SDG and SMG represented by the structural formulas 
(Il-a) and (Il-b), respectively. 
[0022] 

Note that, the alcohol extract and crude lignan glycoside 
concentrate mentioned above can be purified, if necessary, by 
fractionating it by use of an adsorbent such as silica gel or 
octadecyl silica (ODS). To describe it more specif ically, a 
column charged with ODS is prepared and equilibrated with water. 
Thereafter, the alcohol extract or crude lignan glycoside 
concentrate is fed to the column in a loading ratio of 0.1 to 5% 
(wt/v). Using a water-containing alcohol solvent (containing an 
alcohol such as methanol, ethanol, n~propanol. isopropanol or n- 
butanol) , predetermined fractions are eluted by a stepwise 
elution method while increasing alcohol concentration stepwise 
or by a continuous elution method. Note that, the fractions 
eluted may be subjected, if necessary, to chromatographic 
purification such as high performance liquid chromatography 
(HPLC) or preparative liquid chromatography using the 
aforementioned adsorbent to purify each component to a further 
higher purity. In this way, water-soluble lignan compounds such 
as SDG and SMG can be obtained in the present invention. As the 
lignan compound, either one of the alcohol extract and crude 
lignan glycoside concentrate mentioned above, or the highly 
purified product may be used singly or in mixture. 
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[0023] 

f 

Next, a method of preparing SIL and MHBT from the alcohol 
extract or crude lignan glycoside concentrate obtained from 
flaxseeds will be described- Since SDG and SMG are rich in the 
alcohol extract or crude lignan glycoside concentrate, they are 
hydrolyzed with an enzyme or an acidic substance to easily 
obtain SIL or MHBT represented by the aforementioned structural 
formulas (II-c) and (Il-d). Note that MHBT used herein is a 
dehydrated product secondarily produced from SIL by an acid 
hydrolysis reaction but is not obtained by an enzymatic 
hydrolysis reaction. The alcohol extract or crude lignan 
glycoside concentrate is dispersed in water or an appropriate 
buffer solution. To the mixture, as a sugar chain hydrolysis 
enzyme, single or a plurality of types of glucosidases such as (3~ 
glucosidase, cellulase, <x- glucosidase, |3-galactosidase, cc- 
galactosidase, amylase and glucuronidase is added. Alternatively, 
the mixture is subjected to a vessel (used continuously or 
repeatedly) having these enzymes immobilized onto an appropriate 
carrier such as activated carbon or cerite, allowed to be in 

contact with the enzymes at 10 to 60°C for 1 to 48 hours to 
enzymatically cleave the sugar chains of SDG and SMG. 

Alternatively, the alcohol extract or crude lignan glycoside 

■ 

concentrate is heated at 50 to 200°C for 30 minutes to 5 hours in 
the presence of an acid such as hydrochloric acid, sulfuric acid, 
phosphoric acid or an organic acid. Since SIL or MHBT produced 
from SDG and SMG is a lipid soluble lignan compound, it can be 
efficiently extracted from an enzymatic or acid hydrolytic 
reaction solution with an organic solvent having a low polarity 
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and less soluble in water, such as n-hexane, chloroform or ethyl 
acetate. The organic solvent phase containing an extract is 
concentrated to obtain a crude lignan concentrate. 
[0024] 

Note that, if necessary, SIL or MHBT can be purified by 
fractionating it by an adsorbent such as silica gel or octadecyl 
silica (ODS). More specif ically, each component can be purified 
to a further higher purity by subjecting it to chromatography 

■ 

such as high performance chromatography (HPLC) or preparatory 
liquid chromatography. In the present invention , the lipid 
soluble crude lignan concentrate, SIL or MHBT thus obtained can 
be used as it is or in mixture . 
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[Examples] 
Example 1 

After flaxseeds (1000 g) produced in Canada was crushed by a 
blender, 3 -fold (v/wt) n-hexane was added- Extraction was 

performed under reflux at 60°C for 3 hours. After filtration, 
defatted cake was obtained. Of the defatted cake, 50 g of the 
cake was dried in air. To this, 3-fold (v/wt) water- containing 
methanol of an alcohol concentration: 80 wt% (hereinafter simply- 
referred to as "%") was added- Extraction was performed under 

reflux at 60°C for 5 hours. After cooling, the whole amount of 

the extract was filtrated. The filtrate was concentrated by 

dehydration to obtain 70 g of a methanol extract in a solid 

state. 

[0034] 

Example 2 

The methanol extract (30 g) obtained in Example 1 was 
subjected repeatedly to preparatory chromatography using ODS as 
a carrier- More specifically, a glass column (3 cm in diameter 
and 50 cm in length) was charged with 60 g of YMC-GEL (ODS -A) 
manufactured by YMC Co., Ltd. and equilibrated with water. To 
the column, the methanol extract was loaded through the top. 
Elution was started by supplying water and then increasing the 
concentration of methanol stepwise to obtain a desired substance. 
The fractions eluted by 30 to 70%(v/v) methanol solvent 
containing water were collected and concentrated under reduced 
pressure to obtain about 4.5 g of crude lignan glycoside 
concentrate. This concentrate was repeatedly subjected to 
preparatory HPLC until SDG and SMG were obtained as single 
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purified products. As a result, 350 mg of purified SDG product 
represented by the aforementioned structural formula (II -a) and 

* 

30 mg of purified SMG product represented by the structural 
formula (Il-b) were obtained. The preparatory HPLC was performed 
under the following conditions. The HPLC apparatus was prepared 
by connecting, to a pump (CCPM, manufactured by Tosoh 
Corporation) , a column (Soken Pak, (manufactured by Soken 

Kagaku), ODS-W5|j., 10 x 250 mm), and a UV absorption detector (UV- 
8000, manufactured by Tosoh Corporation). Elution conditions 
were a linear gradient (a ratio of water to methanol of 50:50 
changes to 10:90 in 40 minutes), a flow rate of 5 mL/min and a 
detection wavelength of 280 nm* Note that the types of sugars 
and the number of sugar compounds were analyzed as follows 
(hereinafter, the same operation was performed) . 
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[0046] 
Example 7 

A hydroxy radical scavenging activity was measured as 
follows. In the reaction system used in this Example, hydroxy 
radicals were generated in a f enton reaction and allowed to 
react with a fatty acid to produce malondialdehyde (MDA) . The 
malondialdehyde (MDA) was then allowed to react with 
thiobarbituric acid to produce thiobarbituric acid-MDA adduct. 
Hydroxy radical scavenging activity was determined based on 
measurement of the thiobarbituric acid-MDA adduct. To describe 
more specifically, a predetermined amount of the alcohol extract 
(described in Example 1), crude lignan glycoside concentrate, 
SDG or SMG (described in Example 2), SIL or MHBT (described in 
Example 3), or each purified product of the components A to C 
(described in Example 5) was dissolved in 0.92 mL of 30 mM tris- 
hydroxymethylaminome thane hydrochloride buffer (pH 7.4) 
containing linoleic acid (2 mg/mL) and sodium dodecylsulf ate 
(SDCS) (2 mg/mL). To this mixture, 0.04 mL of a 2.5 mM aqueous 
hydrogen peroxide solution and 0.04 mL of a 2.5 mM iron chloride 
(II) solution were added. The mixture was heated at 37°C for 15 
hours. Note that a sample containing none of an extract, 
concentrate and purified product containing the active 
ingredients shown in the present invention was allowed to react 
in the same manner as mentioned above, as a control. After the 
heating, 0.01 mL of an ethanol solution containing 12 mg/mL t- 
butylhydroxy toluene (BHT) was added. TBA (12 mg) and SDGS (16.2 
mg) were dissolved in 2.3 mL of distilled water/ To this, 1.5 mL 
of 20% (v/v) acetate buffer (pH 4.0) and 0.2 mL of the 
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aforementioned reaction solution were added and the reaction 

solution was heated at 95°C for one hour. After cooling, the 
absorbency of the reaction solution was measured at 532 nm. 

Assuming that the absorbency of the control was represented by B 
and the absorbency of the reaction solution containing each 
sample was represented by A, the scavenging rate of hydroxy 
radicals was calculated in accordance with the following 
equation. Hydroxy radical scavenging ratio (%) = {1 - (B - A)/B> 

x 100. As shown in Table 2, the higher the scavenging ratio, the 
stronger the scavenging action. Any one of the extracts and 
purified products added herein exhibited a remarkable hydroxy 
radial scavenging action. For example, when 0.01 |imol SIL 
purified product was added, about 70% of hydroxy radicals was 

scavenged. The effect greatly exceeded that of a-tocopherol . It 
was therefore demonstrated that an extract, concentrate or 
purified product containing SDG, SMG, SIL or MHBT according to 
the present invention as a main component, has a strong hydroxy 
. radical scavenging activity. 
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[0047] 

[Table 2] 

Table -2 

Sample Hydroxy radical 

scavenging rate (%) 



Alcohol extract 60.5 

Crude lignan glycoside concentrate 90.0 

Component A 66.0 

Component B 67*7 

Component C 68.8 

SDG purified product 40.2 

SMG purified product 45.2 

SIIi purified product 68.5 

MHBT purified product 70.3 

a- tocopherol (0.01 ^mol) 0.0 

a- tocopherol (0-1 ^ol) 10.5 

Note) The content of an active ingredient in the reaction 

system of the alcohol extract and crude lignan concentrate is 
0.1 mg/mL; 0.01 [iM/mL in each purified product; and 0.01 [jiM/mL or 
0.1 (iM/ml in a- tocopherol . 
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Example 9 Extract preparation 

To 20 g of oil calce flakes of roasted flaxseeds (moisture 
content 7.8 wt%, oil content: 2.7 wt%), 200 mL of 30, 50, and 90 
wt% ethanol solutions were individually added. Extraction was 

performed at 60°C for 5 hours and then filtration was performed - 
The solvent of the extraction solution was removed by a rotary 
evaporator under reduced pressure to obtain 2.4, 2.3 and 0.9 g 
of solid matters, respectively. In this manner, color fading 
inhibitors formed of a water- containing ethanol extract were 
obtained. 
[0049] 

Example 10 Concentrate preparation 

The method described in Example 2 was repeated to obtain 
about 8-5 g of crude lignan glycoside concentrate containing SDG 
represented by the structural formula (II-a) and SMG represented 
by the structural formula (Il-b) and then obtain a color fading 
inhibitor containing the concentrate. 
Example 11 Hydrolysate preparation 

To 100 g of the extract preparation (50% ethanol extract) 
obtained by the method described in Example 9 r 1L of IN 
hydrochloric acid was added. Hydrolysis was performed at 100°C 
for one hour. After the reaction solution was returned to normal 
temperature, 1L of ethyl acetate was added and stirred well. The 
ethyl acetate layer was recovered and the solvent was removed 
therefrom to obtain a fraction primarily containing the sugar 
chain hydrolysates of lignan glycosides (such as SMG, SDG). To 
the fraction, 20 g of salad oil was added to dissolve the 
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hydrolysates . In this manner, a color fading inhibitor, which is 
a lipid-soluble hydrolysate, was produced. 
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